In MEMS modelling the electro-mechanical coupling takes an important place. Indeed many devices use electrostatic forces as actuator. The numerical modelling of this type of problem needs a strong coupling between the mechanics and the electrostatic field. In fact when the structure is moving, the electrostatic field around it has to be modified in consequence. The first solution is to use finite element method to model the electrostatic field. In this case the mesh has to be updated depending on the displacement of the structure. Many researches have been performed to deform properly the electrostatic mesh, but when large displacement are taken into account, the elements become distorted. Furthermore, when the pull-in is achieved, the electrodes are in contact and the layer of electrostatic elements is totally squeezed. The second usual solution is to use the boundary element method to model the electrostatic field. In this case, there are no more remeshing problem, but the computational time is larger and singularity problems appears when the electrodes become in contact.
Introduction
This research aims at modelling of electro-mechanical coupling that normally takes place in some micro-electromechanical systems (MEMS) like micro-resonator or RF switches. The problem can be described as a conducting mechanical structure with applied voltage, which generates a surrounding electrostatic field. The electrostatic field, in its turn, causes an appearance of electrostatic force, applied to the structure. This type of problem is a strongly nonlinear problem since the electric domain changes with the deformation of the structure. The usual numerical techniques to model this type of electro-mechanical problem are the finite element method and the boundary element method. The mechanical structure is usually simulated by a finite element model and the electrostatic domain is solved by either finite element method or boundary element method. For both cases some problems appear when the structure undergoes large displacements and when the electrodes come into contact. Indeed, the electrostatic finite element mesh has to be modified as the structure moves. Moreover, the electrostatic mesh can be severely deformed if the structure undergoes large displacements. Furthermore, when the electrodes come into contact, the elements between the electrodes have to be deleted. The boundary element method proposes a partial solution to this problem: the electrostatic domain is meshed only on the boundary hence allowing large displacements to the structure. However this increases the computation time. Moreover, when the structure comes into contact, the boundary element can no longer be applied since it requires that a gap exists between the electrodes. In order to simplify and improve modelling of structures moving in an electric field, we propose to make use of the concept of eXtented Finite Elements. They are a new type of elements tailored to simulate problems involving discontinuities and moving boundaries.
The basic idea is to have an electrostatic mesh covering the entire domain and that does not change while the structure part is moved within the field. The electro-mechanical problem is considered as a bi-material problem where the mechanics and the electricity are computed and coupled on a single element. Following the variational approach developed in [4] , electrostatic forces may be derived and applied at the interface of the element. The electromechanical problem may then be solved and the results correspond very well to the analytical solution for a one dimensional problem. A short discussion will be also given about implementation issues of this techniques in 2 dimensions.
eXtended Finite Element Theory
The extended finite element method consists in discretising the entire electro-mechanical problem with a fixed mesh and in following the interface between two domains through this mesh. At the interface the physical field or its gradient are no more continuous. To model this discontinuity, special shape functions are used to enrich the usual discretisation. For instance, the mechanical displacement u is enhanced by discontinuous shape functions Mi such as:
u(x, t) = ZNi (x) Ui (t) + ZMj (x, t)Aj (t) i I (1) where Ni are the standard shape functions and Mj are the enriched shape functions taking the discontinuity into account. New unknowns Aj are introduced to model the discontinuity.
There are different ways to create these additional shape functions. Moes [2] proposes to define these functions based on the standard shape functions by the relation:
My(x,t) =Nj(x)O(x,t) enrichment 0 becomes:
The plot of these functions is illustrated in Figure 2 and (2) where 0 (x, t) is defined by: The sum of these two shape functions corresponds to the expression of 0 (see equation (5)). 
N, = 1-n N2r= (4)
These shape functions are represented in Figure 1 . They allows to model linear behaviour in the element.
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which correspond of the plot in Figure 2 3.2 Application to Electro-mechanical Coupling The extended finite elements methodology is now applied to electro-mechanical coupling in one dimension. The element is divided in two sub-domains: the mechanical domain called "a" (in grey) which represents a conducting material and the electrostatic domain "b" (in white) representing a non-conducting medium. The part "b" represents, for instance, the air in which the structure moves (see Figure Then the enriched shape functions are added to model the discontinuity. The enriched shape functions, following the approach of Moes [2] , are given by (2) where 0 is defined by the level set T equal to the signed distance between the point x and the discontinuity which is located at a distance F from the first node. In the ID model, this 
where 1 is the position of the interface.
The unknowns of this problem are U1, U2, (cl and (D2, the displacement and the electric potential at the extremities of the element. and the new unknowns A1, A2, B1 and B2 used to model the discontinuity of the mechanical field and the electric potential.
Electrostatic Potential
Along the extended element including the conductor structure and the air gap between the electrodes, the electric field is discontinuous. Indeed the voltage is contant on the conductor (mechanical part a) and decreases linearly on the electric domain b.
A potential difference is applied between the extremities of the element (Dl = V and (P2 = 0) as shown in Figure 3 .
The stiffness matrix associated to the electrostatic field may be computed by integration over both parts of the element: Figure 4 .
Electrostatic Forces at the Interface
To compute the electrostatic forces applied at the interface between the mechanical structure and the electrostatic domain, an energetic approach has been chosen as proposed by the author in paper [4] . This 
2D Electrostatic Problem
We will now investigate possible shape functions for extending the triangular linear elements in two dimensions. Triangular elements are often used in practice in automatic meshing tools and are thus very common in practical models.
Moes' Shape Functions
For a triangular form Moes [2] Considering that the potential is constant on the quadrangular domain a (see Figure 7) , we impose aa; = 0 and aOa = 0
for all values of 4 and rj on the domain a. After development we obtain the following constraints:
Therefore we will introduce two successive changes of variables corresponding to two isoparametric transformation of the physical space: a first between (X, Y) and ( ,rl), and a second between (t,rl) and (s, t), as presented in Fig So the situation where cl3 is set at a potential V (higher electrode) and cl1 and cl2 are on the grounded lower electrode, is possible only if the interface is parallel to the lower electrode.
Thus it is impossible to impose a constant potential inside the triangular part of the extended element and a linear field on the quadrangular part. We must therefore conclude that the shape functions derived from the approach described in [2] not suitable for electro-mechanical modelling in the vicinity of conductors. Hence in the following section, we build a different extended field to circumvent this shortcoming.
Quadratic Enriched Shape Functions
The underlying idea of this new approach can be best understood by observing that if the extended element was build out of two finite elements (one for the conductor and one for the non-conducting part), it would straightforward to simulate the behaviour of electro-mechanical problem. So, we will try to use quadrangular shape functions for the trapezoidal part and triangular shape functions for the triangular part. 
First change of variables
The first change of variables is identical for both domains a and b and may be expressed by the relation:
The coordinates of the point C and D is obtain by computing the intersection between the level set boundary and the edge of the triangle. In the second space, the position of these points are: The relation between the reference space (s, t) and the intermediate space (4,r') is given by the following isoparametric transformation: t(s,t) l (s, t) 1Ml + 42M2 + tDM3 + tCM4 rlMl +h2M2 +TIDM3 +TICM4
The last two shape functions will be used to enhanc solution field since the shape functions M1 and M2 arn sociated to the nodes 1 and 2 that already define the an tude of the shape functions N1 and N2 in the basic elen The total discretisation of the extended field is thus: Oa = N1 (4(S t), rl (s,~t) ) 'D1 + N2 (4(S, t), rl (s, t) ) (D2 +N3 (4(S,t),rl(S,t)) ( First the interface between conductor and vacuum is taken parallel to the electrodes. The computed electric potential is plotted in figure 11 : it is observed that the potential is constant on the conductor and decreases linearly between the electrodes as expected. 
Conclusions
The issue of mesh moving is a real challenge when modelling electro-mechanical devices with finite elements. This paper investigates the application of the Extended Finite Element approach to model the motion of a structure in an electrostatic field. The electro-mechanical forces are derived from the variational methodology proposed in paper [4] .
When applied to a simple one dimensional problem, the eXtended Finite Element approach finds the exact solution for the strongly coupled electro-mechanical problem: the exact electrostatic potential along the element is retrieved and, under the action of the electrostatic forces on the interface, the correct relation between deformation and applied voltage is found.
For the two dimensional case, we have discussed why the enhancement strategy proposed in [3] is not suitable for modelling the electric field jump in practical problems. We propose in this paper different enhancement shape functions that guaranty that the potential field across a conductor/vacuum interface can be properly approximated. It is expected that the same approach can be applied in three dimensions. This will be investigate in the future together with the global efficiency of the new elements in solving the electromechanical coupling of real microsystems.
